Introduction.
The study of dilute solutions of flexible polymers in nematic solvents has only recently been undertaken [1, 2] . In particular, an important question related to these new systems is the effect of the nematic field on the conformation of the polymer chains.
To begin with, a study of phase diagrams has been necessary to determine the conditions of the compatibility between classical flexible chains (polystyrene, polyoxyethylene) and nematic solvents. It appeared [3] that homogeneous nematic solutions may be obtained within a restricted range of molecular weight and concentration (M, 104, c 2 x 10'~). Thus, physical measurements may be only achieved in the dilute regime. However, even under these conditions, one may expect significant effects on the hydrodynamic properties, as observed for classical polymer solutions. In particular, the viscosity measurements appear attractive because the nematic (*) E.R.A. au C.N.R.S.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyslet:019830044023093500 medium is characterized by five independent viscosity coefficients ; one may thus expect to get information on the conformation of polymer coils by studying the effect of the solubilized chains on these viscosity coefficients and on their anisotropy. In fact, measurements of the twist viscosity yi reveal a large increase of that coefficient, which suggests an anisotropical shape of the coils [2] .
In order to get more informations about these new systems, an ultrasonic impedometric technique was used, which has already been successful in the determination of the viscosity coefficients in pure liquid crystals [4] . In In this study the standard inclined incidence method illustrated in figure 1 was used. Details of the technique are described in reference 6. Briefly, a pulse of shear waves is generated by an AT-cut quartz crystal transducer fixed to one end of the fused silica bar. After reflection on the upper surface and at the other end of the bar, the pulse of shear waves re-excites the transducer, successive reflections giving a train of echoes of decreasing amplitudes. The real part is deduced from the measured value of r, by the relation :
where Zs is the shear mechanical impedance of the fused silica and 0 is the angle of incidence of the shear waves.
The imaginary part XL, which requires the measurement of the phase change 0 was not measured here.
The values of r are obtained by comparing the amplitude of the echo for the fused silica-air and the fused silica-sample interfaces. This was done at a frequency equal to 5 MHz as a function of temperature. The accuracy is improved as r is determined from a signal which had undergone several reflections at the interface. In this study, the 15th echo was selected for the determination of r which ensures an accuracy better than -1 cp in determining the viscosities.
The transducer was bonded to the bar by cooling a film of nematic liquid crystal (p-azoxyphenetole) into its crystalline phase [6] . This simple bonding method gives good performance in transmitting shear waves (as many as 50 echos were observed), and allows measurements up to temperatures of the order of 65 ~C. The sample was placed between the reflecting surface of the bar and a coverglass which were both treated in order to orient the nematic sample. The two different geometries illustrated in figure 1 were used. In both cases, the shear polarization was B 7i7 perpendicular to the director n, but in case (1), the wave vector k was perpendicular to n while in case (2), k was parallel to n. The corresponding friction coefficients are given by [4, 7] : b) PS-EBBA mixture. The first striking fact is the considerable enhancement of '1a and flc when dissolving a small amount of PS in the liquid crystal (A n./ 17. ~--1, 0 r~~/ r~~ ^-r I).
The second point is the significant increase of this effect when the temperature is decreased, with a noticeable departure from an Arrhenian law. So, these two points appear as marked differences compared to the situation of a classical isotropic solution, such as polystyrene in dibutylphtalate (cf. Fig. 4) .
Finally, the anisotropy of the viscosity coefficients is increased by the polymer chains, and varies sharply with the temperature : this fact appears on figure 5 where the values of (fla -flc) versus T have been plotted for the pure liquid crystal and for the mixture. A ,more probable hypothesis would be that the two observed regimes would correspond to a change in the coupling between the chains and the nematic medium. This ptoblem has been theoretically discussed by F. Brochard who has predicted two different physical situations : i) The « strong coupling » model [12] : the perturbations caused by the chains locally destroy the nematic order; this corresponds to a situation where isotropic microglobules are dispersed among the nematic medium.
ii) The « weak coupling » model [1] : the chains are swollen within the nematic solvent; this situation is quite similar to the classical solvent, except that the polymer coils may be distorted due to their coupling with the nematic field.
These two different physical situations are governed by the two following parameters : Brochard's analysis predicts that the strong coupling regime (SCR) occurs at temperatures close to Tc where r is small, and shows that the weak coupling regime (WCR) may appear at temperatures far enough from T~ for T to be large. The main conclusions of this analysis are summarized in table I which also includes the scaling laws for the microglobules radius R.
The experimental results presented on figure 6 may be explained within the frame work of this analysis. Indeed, it is possible to identify the plateau with the SCR because a large temperature dependence of the size R of the microglobules is not theoretically expected [13] ; the low temperatures range would then correspond to the WCR where the expression of b ria/ ria is given The interpretation of '1c is more complicated than that for '1a because of the coupling between the director and the shear flow, which appears for this friction coefficient (see Fig. 1 ). However, the change in (fla -flc) when passing from pure EBBA to the mixture (cf. Fig. 5) First of all, it must be noticed that the temperature range explored in these previous studies was more restricted than in the present study, because the demixtion process in those studies occurred at a temperature higher than for the mixture used for the present ultrasonic measurements.
In the high temperature region, the thermodynamic data [3] are consistent with the strong coupling model in agreement with the ultrasonic results, and measurements of the twist viscosity yl [2] show an increase of that coefficient. However, the interpretation for by, is not as easy as for 6 fla; in fact, in this situation of microglobules, the by, effect may be related to relaxation processes of the defects appearing in the boundary zone around the isotropic droplets. 5 . Conclusion.
The ultrasonic method has revealed an important effect of polymer coils on the dissipative properties of the nematic solvent, even in the dilute regime. These new measurements confirm previous results obtained on twist viscosity measurements by means of a quite different method [2] .
Measuring the two viscosity coefficients fla and ~, has shown that the anisotropy of the hydrodynamic properties is modified by the presence of polymer coils. Moreover, a strong effect of temperature has been observed, the viscosity coefficients varying much more rapidly than the classical Arrhenian dependence. Confronting the whole of the results with different theoretical models, it can be concluded that they are consistent in the high temperature range with the « strong coupling model » [12] , reinforcing the conclusions obtained from thermodynamic data. Due to the larger explored temperature range, this ultrasonic investigation has revealed a crossover with temperature between two different situations for the polymer chains. The analysis of the data on the basis of F. Brochard's model indicates a disc-like conformation perpendicular to the nematic director. These conclusions on the size and the shape of the polymeric coils obtained here by macroscopic measurements are conjectural and would deserve to be verified by a microscopic investigation such as small angle neutron scattering.
